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Description 



1. Title of the Invention 

PHOTOMASK 

2. Claim 

A photomask characterized by comprising a resist film 
for blocking light for photolithography disposed on a glass 
substrate, the resist film mixed with a material opaque to the 
light for photolithography or stained with the material and 
patterned by electron beams or ultraviolet rays . 

3. Detailed Description of the Invention 

The invention relates to a photomask. The object of the 
invention is to provide a photomask using a material opaque 
to the light for photolithography for a resist film, capable 
of being formed by a fewer process steps at low cost, and 
obtaining a highly accurate pattern with no chromium lack and 
the like. 

When an IC substrate, metal plate or the like is 
micromachined to form a predetermined pattern by 
photolithography, in micromachining of a proximity type or 
reduced projection type, a photomask formed with a light 
blocking area of a predetermined pattern is placed above a 
workpiece with distance, ultraviolet rays are irradiated onto 
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the workpiece from above and through the photomask, and the 
predetermined portion in the workpiece is etched by 
photolithography to obtain a predetermined pattern. For the 
photomask used in such photolithography , two kinds of 
photomasks are widely used: an emulsion type that a gelatin 
emulsion containing silver salt particles is used in the light 
blocking area, and a hard mask type that a chromium film is 
used in the light blocking area. 

Fig. 1 is a schematic front view illustrating one 
embodiment of the traditional emulsion type of photomask. In 
this photomask, a gelatin emulsion 3 dispersed with silver 
chloride particles 2 is applied at places corresponding to the 
photolithographic pattern on the surface of a glass substrate 
1, the silver chloride particles 2 are formed to be opaque by 
irradiating light from above, and the places are used as the 
light blocking area. However, in the photomask, the dispersed 
state of the silver chloride particles 2 is not uniform near 
pattern edges. On this account, the sharpness of the pattern 
edges is deteriorated. In addition, the gelatin emulsion 3 
has a thickness of about four to six micrometers in opaque 
pattern portions 3a, and about one to three micrometers in clear 
pattern portions 3b. Therefore, the photomask is too thick 
in the viewpoint of the image formation characteristics of a 
lens for use in focusing ultraviolet rays onto the workpiece, 
having disadvantages of hardly obtaining a sharp pattern and 




being hard to transfer. Moreover, the photomask is softer than 
the hard mask type, which will be described later, having a 
disadvantage of being easily damaged and the like. 

Figs. 2(A) to (F) are schematic diagrams illustrating 
one embodiment of process steps of fabricating the traditional 
hard mask type. A chromium film 5 is deposited on the surf ace 
of a glass substrate 4 shown in Fig. 2(A) by vacuum deposition 
or sputtering (Fig. 2(B)). A resist film 6 sensitive to 
electron beams is coated on the surface of the chromium film 
5 (Fig. 2(C)). Electron beams are irradiated onto a resist 
film 6 in accordance with a predetermined pattern, and the 
resist film 6 is developed to obtain a resist film 6a of the 
predetermined pattern (Fig. 2 (D)). Then, the resist film 6a 
is used to etch the chromium film 5, and a chromium film 5a 
in the same shape as the resist film 6a is obtained (Fig. 2 
(E)). Lastly, the resist film 6a is removed to complete a 
photomask as shown in Fig. 2 (F) in which the chromium film 
5a of the predetermined pattern is formed on the surface of 
the glass substrate 4. 

The photomask has many complicated fabrication process 
steps, and thus it cannot be formed at low cost. In addition, 
pinholes generated in depositing the chromium film 5 and dust, 
dirt and the like contained at this time tend to cause chromium 
lack. Furthermore, dust and dirt contained in depositing the 
resist film 6 tend to generate so-called chromium left. 
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Moreover, because of using the chromium film, the photomask 
includes a disadvantage that sodium ions contained in the glass 
substrate are combined with chromium to cause chromium lack, 
so-called mouse nipples . Besides, the yield rate is not 
excellent, which is another disadvantage not to form the 
photomask at low cost from this point. In addition, the 
photomask costs from eight thousands yen (when a soda lime glass 
°f five inches is used as a glass substrate) to twenty thousands 
yen (when silica glass of five inches is used as a glass 
substrate) in a blank mask before a predetermined pattern is 
formed. The photomask costs 8 to 20 times the emulsion type, 
which costs one thousand yen (when a clear soda lime glass of 
five inches is used as a glass substrate) , also having a 
disadvantage not to be formed at low cost from this point. 

The invention eliminates the above disadvantages . The 
embodiments will be described with Pig. 3. 

Figs. 3(a) to (C) are schematic diagrams illustrating 
the fabrication process steps of a first embodiment of the 
photomask in the invention. In the fabrication, on the surface 
of a glass substrate 7 shown in Fig. 3(A) (any glass substrates 
for use in the emulsion type and the hard mask type are 
acceptable), a resist film 8 sensitive to electron beams such 
as polymethyl methacrylate (PMMA), OEBR (trade name), gelatin 
and the like is coated by spin coating or spray coating as shown 
in Fig. (B) . The resist film 8 is added with dye for blocking 



ultraviolet rays (absorbing wavelengths of red, yellow or 
below) (for example , dye of Congo Red, Diasizin Red H (both 
are trade names) or phthalocyanine base) beforehand. In this 
case, the film thickness of the resist film 8 is varied based 
on the concentrations of dye, but it is set to such values that 
absorb 95 or greater of ultraviolet rays. The values can be 
obtained by adding dye having 2 to 3 of the mass of the resist 
film 8 . 

Subsequently, a predetermined pattern is formed in the 
resist film 8 by electron beams as similar to the general 
electron beam lithography. Then, as shown in Fig. 3(C), a 
resist film 8a matching the predetermined pattern is left. 
After that, the substrate is developed, cleaned, cured, and 
dried, and then an objective photomask is completed. The 
photomask has the dye for blocking ultraviolet ray mixed in 
the resist film 8a, and thus the resist film 8a itself can be 
used as the ultraviolet ray blocking area. 

In this manner, according to the embodiment, the 
photomask can be formed at lower cost for a shorter time than 
the traditional example, because of lacking the process steps 
of depositing or sputtering the chromium film, etching the 
chromium film, removing the resist film and the like as done 
in the hard mask type, and chromium lack due to pinholes and 
mouse nipples are not generated because of no need of the 
chromium film. In addition, as compared with the traditional 



emulsion type, the embodiment can form the resist film thinner, 
and the pattern edges of the resist film can be formed sharper* 
It can obtain a sharper pattern, and it can be formed stronger 
as compared with the emulsion type. 

Furthermore, the photomask of the embodiment does not 
use the chromium film, but uses polymeric materials such as 
a resist film. Thus, it has a lower toughness than the hard 
mask type. However, in a proximity type or reduced projection 
type widely used for photolithography in recent years, a 
workpiece is slightly spaced to a photomask for processing. 
Therefore, the photomask does not need toughness so much, and 
there is no problem in particular even inferior in toughness 
to the hard mask type. 

Figs. 4(A) to (E) are schematic diagrams for illustrating 
the fabrication process steps of a second embodiment of the 
photomask in the invention. The photomask of the first 
embodiment shown in Figs. 3(A) to (C) has dye for blocking 
ultraviolet rays mixed in the resist film 8, and thus it cannot 
use ultraviolet rays as the unit to form the predetermined 
pattern. Then, in the photomask of the second embodiment shown 
in Figs. 4(A) to (E), a predetermined pattern is formed, and 
then a resist film is stained with dye. The photomask is formed 
to use both electron beams and ultraviolet rays after pattern 
formation. 

In the fabrication, on the surface of a glass substrate 
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9 shown in Fig. 4(A), a resist film 10 added with one to two 
weight percent of potassium dichromate or ammonium dichromate 
is deposited to have a film thickness of one micrometer, for 
example, as shown in Fig. 4(B). The resist film 10 is sensitive 
to both electron beams and ultraviolet rays. Subsequently, 
electron beams or ultraviolet rays are irradiated onto the 
resist film 10 to form a predetermined pattern, and then a 
resist film 10a is left in the portions matching the 
predetermined pattern as shown in Fig. 4(C). After that, it 
is developed and cleaned. 

Then, several masks 11 as shown in Fig. 4(C) are prepared 
and immersed in a stain solution 12 containing 0.4 of red dye 
such as Suminol Red, and Kayanol Red (both are trade names) 
for two minutes, for example, and the resist film 10a is stained 
as shown in Fig. 4(D). After that, the masks 11 are taken out 
of the solution 12, completing the masks having a resist film 
10a' stained with the solution 12 as shown in Fig. 4(E). 

Fig. 5 shows a diagram illustrating the characteristics 
of the transmittance of ultraviolet rays to wavelengths in the 
resist film 10a' in which the resist film 10a having a film 
thickness of one micrometer was immersed in the solution 12 
of 0 .4 concentration at 60°C for two minutes . In the drawing, 
a line 1 is the line that shows an ultraviolet ray of 404.7 
nm obtained by a mercury lamp h-line. As apparent from the 
drawing, the portion having the stained resist film 10a' can 
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completely block ultraviolet rays . 

In addition, it is acceptable that the resist films 8 
and 10 are polymeric resins such as a polyurethane base, a 
polycarbonate base, and a silicate ester base, or rubber-based 
resists and the like, other than the above materials. 

Furthermore, it is fine that the resist film 8a and 10a' 
are mixed with pigments , or stained with pigments, other than 
the dye. 

Moreover, the transmittance is varied based on the 
combination of the resist film with dye (or pigments). 
Therefore, it is fine to properly select the combinations that 
can obtain the optimum transmittance and the best mixing 
property. 

Besides, as the materials for the resist film, they are 
divided into a negative type where electron beams cross -link 
broken molecules, and a positive type where electron beams 
break cross-linked molecules. The embodiment can adopt both. 

In addition, in patterning by electron beams, the resist 
film is sometimes charged not to allow accurate patterning. 
In this case, a transparent conductive film such as indium oxide 
and vanadium oxide is interposed between the glass substrate 
and the resist film, and alternatively it is coated over the 
surface of the resist film, whereby electron charge can be 
prevented. Such the conductive film can be removed easily in 
patterning simultaneously, or after patterning by etching. 
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Furthermore, as a method for preventing electron charge, it 
is acceptable to use resist film having conductivity in 
themselves. 

As described above, in the photomask according to the 
invention, the resist film was disposed for blocking light for 
photolithography on the surface of the glass substrate, the 
resist film being mixed with the material opaque to the light 
for photolithography or stained with the material and patterned 
by electron beams or ultraviolet rays. Therefore, as compared 
with the emulsion type of photomask, the photomask has shaper 
pattern edges and thinner film thickness, thus obtaining a 
shaper pattern than the emulsion type. In addition, the 
photomask is transferred more easily and stronger than the 
emulsion type, thus having no possibility of receiving damage. 
Furthermore, as compared with the hard mask type, the photomask 
does not have the process steps of depositing, sputtering, 
etching, removing and the like, and thus the photomask can be 
formed at lower cost for a shorter time. Moreover, the 
photmask does not need to use the chromium film. Therefore, 
chromium lack due to pinholes and mouse nipples are not 
generated. The photomask has characteristics that a highly 
accurate pattern can be obtained as compared with the hard mask 
type, and the like. 
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4 . Brief Description of Drawing 

Fig. 1 is a schematic front view illustrating one example 
of the traditional emulsion type of photomask; 

Figs. 2(A) to (F) are schematic diagrams illustrating 
one example of the fabrication process steps of the traditional 
hard mask type; 

Figs. 3(A) to (C) are schematic diagrams illustrating 
the fabrication process steps of the first embodiment of the 
photomask in the invention; 

Figs. 4(A) to (E) are schematic diagrams illustrating 
the fabrication process steps of the second embodiment of the 
photomask in the invention; and 

Fig. 5 is a diagram oillustrating the characteristics 
of the wavelengths to the transmittance of the resist film in 
the second embodiment of the photomask in the invntion. 

7 and 9 _ glass substrate, 8, 8a, 10, 10a and 10a resist 
film, 11 « photomask, 12 « stain solution 

Applicant: Victor Co. of Japan, Ltd. 
Representative: Patent Attorney I to Tadahiko 
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FIG. 5 
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